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A Positive Approach to Chaotic Economic Phenomena 
Toshihiro IWATA 
Abstract 
A new type of chaotic analysis is reported here. 
This is a positive approach toward chaotic economic phenomena, not an ab-
stract approach. I think public interest in such a positive approach will grow. 
There are three ways how curves with complex behaviors can be clarified. 
(1) the method to comprehend curve behaviors themselves. 
(2) The moving slope is a useful tool in cases where it is difficult to find the 
points of change (peaks and troughs) in the source data. The following becomes 
clear from the figure. CD By repeatedly taking the moving slope, the numerical 
value becomes smaller. @ As shown on the left-hand side of the figure for the 
repeated taking of the moving slope, the shape becomes simple (in this case, an el-
liptical shape). 
(3) The dynamism of chaotic economic phemonema can be generalized as in 
a Poincare plot (Fig. 9). It can be understood generally that the series is made sta-
ble by leading the orbit over the straight line ofXn = Xn + 1• 
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1 • Introduction 
Today, research related to chaos is being carried out in each and every field of study. 
Speaking of chaotic analysis, there are a quite a few theses especially in natural sciences. 
The reason why the possibility is high for this research to continue (and not be a temporary 
phenomenon like the inflexible theory of catastrophe) is because there are expectations for the 
possibility of existing sciences to rationally cover points that have come to be found, by having 
such research even include mathematical methods. 
2 • Proposal of a Positive Chaos Analysis 
In typical chaos research, there are many attempts to show that small changes in initial val-
ues or parameters in equations do cause the irregular occurrence of unstable or non-continuous 
phenomena. For example, in the neoclassical macro-economic model o, where Kt = s a Kt (1 -
K t. 1) / (1 + n), when the initial value of K (i.e., Ko), the parameter a , and the population increase 
rate n are specified as 5.0, 10.0, and 0.01, respectively, there is convergence whens is less than 
0.3, there is regular up and down movement when s = 0.3, and there is chaotic movement when s 
= 0.37 (see Fig. 1). 
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Fig.1 Behaviors in Day's Model 
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The paper is not to be quoted without permission of the author. 
If one considers that complex phenomena exist without limit among real economic phenome-
na themselves, however, there is the problem of deciding whether it might be better to confine 
oneself only to research with abstract dimensions. In other words, this report proposes and talces 
the view that positive chaos analysis should be done. 
Analyses by mathematical economic models, which have been extensively done from the 
past, had come to remarkably explain what economic societies do basically move. The equilibri-
um theory was a characteristic common to all economic theories. Accordingly, evidence support-
ing the theory came to be accomplished by regression analysis in many cases. This spread the 
trend among researchers that anything and everything could deterministically be explained. In 
such past research, however, focus had come to be placed on the finding that the meanings of 
those things that had come to be found and of those things included in error terms (e.g., re-
sources, environments, irrational economic behaviors, etc.) were large. Consequently, mathe-
matical economic models had come to have a number of merits as well as a number of demerits. 
3 • Reason Why Curves with Complex Behaviors are Formed 
Before us, irregularly occurring unstable complex curves had often been shown to be sets of 
simple waves. For instance, in an attempt to add up waves of lHz, 2Hz, and 3Hz, the equation 
had become as follows (because waves appear three times within a one-second interval for 3Hz). 
f(X) = sin 8 + sin2 8 + sin3 8 . 
Generally speaking, when 
f(X) = a0 + a sin 8 , 
(1) 
(2) 
a is the height of the wave, 8 is the width of the wave, and ao is the displacement from the origin. 
The composition of a complex wave is achieved by the Fourier spread. This is expressed by 
the following equation using sine and cosine. 
f(X) = ao + ~ (an * cos nX + bn * sin nX) (3) 
This is called a Fourier series. Here, the equation becomes only a cosine equation or only a 
sine equation depending on whether X is an explicit function or an implicit function. From this, 
curves with a variety of complex shapes can be formed. By looking at this from the reverse side 
of the metal, it is possible to clarify the reason why such curves with complex shapes can be 
formed (see Fig. 2). 
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Fig.2 Complexd Wave Shaped According To The Composition Of Trigonometric Functions 
4 . How Can Curves with Complex Behaviors be Clarified? 
We introduce how to analyze curves with complex behaviors by progressing from curve 
shapes according to the composition of trigonometric functions observed in 2. The three follow-
ing methods can be considered. 
4 . 1 Method to comprehend curve behaviors themselves 
This is the simplest method. It is easy to predict the peak or bottom of a subsequent move-
ment trend when the movement is as shown in Fig. 3 for the Dow Industrial Average in the U.S. 
(the horizontal axis represents the moving average and the vertical axis represents the moving 
slope). 
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Fig.3 Dow Industrial Average(moving slope) in the U.S.,1987.4-99.5, every month 
4 . 2 Method to perform analysis at the bases of complex changes by taking the moving 
slope 
The moving slope is a useful tool in cases where it is difficult to find the points of change 
Oike the peak and bottom) in the source data. This has the nature of possible subrogation to dif-
ferential coefficients, and at the next time instant, can show in wh,ich direction and with how 
much force a movement is.<2i The general equation of the moving slope Xt' of the term p + 1 is 
shown as follows. 
[-pXt-p-·••-2Xt-2-lXt-1 + lXt+1+2Xt+2+···+pXt+pl 
[p(p+l) (2p+l)/3] (4) 
Figure 4 shows results of calculating (Xt' (one time) - X""(four times)) moving slope from 
source data, assuming X to be the rate of change from the previous year of the ordinary profits of 
main industries in Japan. The following becomes clear from the figure. 
i ) By repeatedly taking the moving slope, the numerical value becomes smaller. 
ii ) As shown on the left-hand side of the figure for the repeated taking of the moving slope, the 
shape becomes simple (in this case, an elliptical shape). 
In Fig. 4, a slight change in X""taking the moving slope four times invites a large change 
in the source data. Actually, this positively shows the theory of chaos. 
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Fig.4 The Ordinary Profits(moving slope) Of Main Industries In Japan 
4 . 3 Analysis Over the Poincare Plane 
To see the movement behavior of only one variable X, a complex movement becomes easier 
to solve by taking Xn+I for the vertical axis and Xn for the horizontal axis (this is assumed as a 
Poincare plane here) and by describing the movement trend of X (X' ) as O and the movement 
trend of Xn+I (Y') as O over the figure. The authors call this proposal a phase diagram over a 
Poincare plane. 
Let's see concrete examples. Figure 5 shows the US' s inventory investments, Fig. 6 Japan's 
real growth rate of GNP, Fig. 7 the rate of change from the previous year of Japan's fixed capital 
investments, and Fig. 8 the rate of change from the previous year of ordinary profits of main in-
dustries in Japan. All of the figures show both convergence and divergence. Although a lot of e-
conomic data often show the same two actions (as shown in the figures), the following becomes 
the case from a mathematical standpoint. 
Let' s formalize the time series analysis. 
X (n) ' = - a X (n) + f ( X ( n - r ) ) , a>O (5) 
Here, the first term on the right side of the equation acts to minimize X, and the second term is a 
non-linear feedback function in which the current X is formed in response to the previous X on-
ly with time r . The action of this second term is the base cause of any chaos phenomenon. 
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Let's logically consider the meaning that such dynamism does not simply end at the phe-
nomenon of chaos. By a Poincare plot (Fig. 9), it can be understood generally that the series is 
made stable by leading the orbit over the straight line of Xn = Xn + 1- In other words, it can be con-
sidered to approach Xn = Xn + 1 along straight line A, and after that, to proceed to deviate along a 
straight line B. The intersection point P of A and B becomes a saddle point, and can seemingly 
be called an unstable balance point among chaotic conditions. In other words, it is the balance 
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point between the two actions of stability and instability. In economic theories, only one side be-
tween these two actions has previously been discussed. Instability theory of Sir Roy Harrod and 
the growth theory of Neo-Classical School have discussed one side. 
My research includes two actions. 
Xn+l Xn+l = Xn ;:.--------------------71 
B 
Fig.9 Chaos Control On Poincare Plot 
In economic theories, only one side between these two actions had come to be discussed, 
but the research results of the authors who start from actual evidence have become as shown 
above. The position of the saddle point and domain of change differ depending on the economic 
society. 
From this, it can be understood that measures in economic policies are basically sought so 
as to lead the orbit over the straight line of X n = X n + 1, against any instability of the series to the 
top and/ or bottom of linear line B. 
5 • Conclusion 
Economy is a system of determinism and chaos. I couldn't help feeling that the general 
method of economics may not analysis or forecast perfectly. I am doing this for the sake 
of forecast of economic phenomena. Strictly speaking, most unstable phenomena could be ana-
lyzed. 
The most important point of this paper is moving slope corresponds to differential. And a 
phase diagram over a Poincare plane is helpful. 
By using this approaches in actual chaos research like the one announced here, we can ex-
pect economic analysis to increase the force towards certain objects from uncertain ones. 
Footnotes 
1) Here, we adopt Day's model in the following literature: Day, R (1982), "Irregular Growth 
Cycle," American Economic Review 72, pp. 406-414. 
2 ) The following literature proposes using the nature of a trend that combines the 
movement trend and moving average by leading the trend curve: Gregg, J.V., C.H. 
Rossell and T J. Richardson (1964), "Mathematical Trend Curves: An Aid to 
Forecasting," Imperial Chemical Industries Ud. 
---------------- --------------------------------
E-mail yamana@res.kutc.kansai-u.ac.jp 
-9-
